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DIGITAL PHASE LOCKED LOOP 



FIELD OF '^HE INVENTION 

This ii|vention relates to a digital phased locked loop (PLL) technique and, 
more particul^Iy, to generation of digital sine and cosine branches of a PLL and 
amplitude deihoduiation, 

5 B.^wCKGR01JND OF THE INVENTION 

The concept of implementing a phased-locked loop (PLL) technique in a 
digital signal processor (DSP) for demodulating a received FDMA signal is fairly 
known in tlie art (see^ for example, Jacob Klapper and John T. Frankle, 
Phase-Locked and Frequency Feedback Systems, Academic Press, New York, 
10 1972; Ch. 8|). However, these techniques were employed usually for carrier 
recovery ratjher than for processing the received message and envelope 
de^iodulatioij- 

A method utilizing a PLL technique for coherent detection and 
demodulatiori of a FDMA signal, that is a superposition of amplitude modulated 

\5 carriers is dejscribed in U,S. Application 09/575,517. An array of special digital 
phase-lockedi loops (PLLs) is implemented in a DSP for processing the received 
signal after i^ is digitized, and for extracting the envelopes corresponding to each 
carrier. The equality of the envelope estimate depends on the ability of the DSP to 
overcome alj sources of inaccxiracies such as coupling between the individual 

20 carriers and ijaarmonic distortions while preserving a spectral bandwidth covering 
the spectrum of the modulating signal. In addition, the demodulation process 
should be perfformed in real time and introduce only a short processing delay. 
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It shoi|ild be noted that one of the most time consuming operations when 
using a PLL technique for envelope extraction is associated with generation of 
sine and cosjine waveforms. One common approach for the synthesis of the 
trigonometricj functions is to build a lookup table where the exact values of the 
5 sine and/or cosine fimctions are stored up to a desired accuracy. This method was 
fiirther enhanced by interpolation between table entries (see, for example, U.S. 
Pat. No 4,905,177). 

Alternatively, suie and cosine waveforms may be synthesized by using a 
real-time solution of a difference equation (see, for example, U.S. Pat. No 

10 4,888,719). JSeveral enhancements to these methods were disclosed (see, for 
example, U.S. Pat. No 5,1 13,361, US. Pat. No 4,761,751, U.S. Pat. 5,631,586). 
Despite the apparent superiority of the difference equation method, due to the 
finite precision of the computer, implementation of difference equation solution 
in DSP may produce an accumulating error. The error may lead to both phase and 

15 amplitude dr^ft (see, for example, U.S. Pat. No 4^85,044) affecting the accuracy 
of the envelope calculation, and thus a control mechanism is required. 

Synthesis of trigonometric functions by employing the prior art technique 
is a complicated task, requiring relatively high computational load and large 
storage space for storing the computed data, since such synthesis is performed for 

20 a digital san:pled signal divided into frames consequently frame by frame for 



each sample 



of the frame. This may adversely effect the PLL performance and 



interfere with real-time and memory requirements. 

There is, accordingly, a need in the art to provide an improved technique 
that substantially reduces the drawbacks of the hitherto known techniques for 
25 generation of the trigonometric fimctions within a PLL in general, and, in 
particular, when the PLL is utilized for amplitude demodulation and envelope 
extraction in particular for real-time applications. 
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SUMMARY 



OF THE INVENTION 



The g<?neral pturpose of the present invention, which will be described 
sabsequently in greater detail, is to overcome the above disadvantages. The 
5 foregoing pxir 30se is accomplished by providing a new metiiod that enables the sine 
and cosine b:anches wdthin a PLL modxile to be obtained relatively easily and 
efficiently, A<^cording to the method, the computation operations requiring a heavy 
computation load, such as calculation of sine and cosine functians, are perfomicd 
mostly once per a digital sampled signal, whilst relatively simple operations, such 
10 as multiplication and accumulations, are performed repetitively for every frame of 
the aforementioned sampled digital signal. 

Accordingly, the purpose is accomplished by providing a method for 
generation sine I and cosine Q branches of a digital phase locked loop 
comprising ttje step of processing a digital sampled signal divided into pluralily of 
15 frames having substantially equal number of samples comprising the steps of: 

- rep]'esenting an angular frequency of the signal for each frame of said 
pkralily of frames as a sum of a nominal angular frequency component 
being a common value to said plurality of frames, and an angular 
frequency component depending on the frame niamber and having an 

20 absfolute value substantially smaller than a reversed value of a fi^e size 

mi Jtiplied by a sampling time increment; 

- calculating for a frame from said plurality of frames data indicative of 
values of analytical functions including trigonometric functions 
de]>ending at least on said nominal frequency; 

25 - stoiing the data obtained in tiie previous step; 

- generating said sme I and cosine Q branches by utilizing the data of the 
aniilytical functions stored in previous step, values of the angular 
frequency component depending on the frame number and the sampling 
time increment for substantially all frames of said plurality of the frames. 



into plurality 
the signal foi 
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The iJbregoing purpose is also accomplished by providing a digital phase 
locked loop (jPLL) module configured to receive a digital sampled signal divided 



of frames having substantially equal number of samples, frequency of 
each frame of said plurality of frames is represented as a sum of a 
5 nominal frequency component, being a common value to said plurality of frames, 
and a frequency component depending on the frame number and having an absolute 
value substactially smaller than a reversed value of a frame size multiplied by flic 
sampling time increment, the PLL module comprising: 

- at Ipast one Table Memory Unit configured for storing data indicative of 
10 values of analytical functions including trigonometric functions 

dei>ending at least on said nominal frequency; 

- at least one multiply-and-accumulate unit provided with the data stored 
in said at least one Table Memory Unit and configured to sum the results 
of multiplication of said digital sampled signal and said values of 

15 ansilytical fimctions frame by frame; 

- at least one Branch Computation Unit receiving the output provided by 
saijd at least one multiply-and-accumulate unit and generating sine I and 
cosme Q branches; 

- at least one phase detector for generating an error signal for locking the 
20 PI^L and providing said error signal to said at least one Branch 

Computation Unit. 

There has thus been outlined, rather broadly, the more important features of 
m order that the detailed description thereof that follows hereinafter 
understood, and in order that the present contribution to the art may 
25 be better appi[eciated. Additional details and advantages of the invention will be set 
forth in the dialled description, and in part will be obvious from the description, or 
may be learned by practice of the invention. 

It can be appreciated by a man of the art that the method of generation of 
sine and cosiiie branches as well as the PLL module of the present invention may 
30 have numero us applications. The list of application includes Cellular Phones and 



the invention 
may be better 
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Wireless conrfnumcation technology, MRI and NMR in medical systems, Digital 
Receivers in ij^F communication components. Radar systems for military, civilian, 
airport etc. n<5eds. Sonar Systems, Navigation technology and apparatuses. Car 
safety system^ (e.g, collision hazard)* Digital modulation and Demodulation in 
5 signal procesiiing. Antenna positioning in RF-based systems. Motor control in 
various induslrial applications, etc. 



BRIEF DESCRIPTION OF THE DRAWINGS 

In ord<jr to understand the invention and to see how it may be carried out in 
10 practice, a preferred embodiment will now be described, by way of non-limiting 
with reference to the accompanying drawings, in which: 
is a flowchart illostrating an example of generation of sine and cosine 



IS 



one preferred 
Fig. 2 



example only, 
Fl&l 

branches (I- 2nd Q-branches^, respectively) of a digital sampled signal according to 



embodiment of the present invention; 

is a flowchart illustrating another example of generation of sine and 
cosine branches of a digital sampled signal according to anotiier preferred 
embodiment of the present invention; and 

Fig. 3 is a block diagram illustration of operation of a phase locked loop unit 
according to \i preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Attention is first directed to a background describing a generation of the I 
and Q branches of a digital sampled signal S(i^) (^vherein A/ is the sampling time 
increment aid i=l,2,...) by a PLL according to a preferred embodiment of the 
25 present inversion. The signal S(i^t) may be divided into eq\ial frames of N samples 
in each frames, such that 

5*^5((n+JV(/t-l))Ar) (1) 
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and 



wherein k is the frames index (k =2,2, and 72 is the sample index within the 

frame (n~ 1,2, /N), 

The s^e and cosine branches of the PLL are described by the following 
equations: 

^ ]C ^'fn sinC^'^^A/ + ) (2) 



(3) 



where / and 
10 of N taps of 
PLL module. 



are the sine and cosine branches of the >t-th frame, ^ is a vector 
a low-pass filter calculated off line and stored in a memory of the 
For normalization, the sum of the filter taps, for example, equals 2, 
Tl)e inner parameters ^y*, (p^ are the *-th estimates of the angular frequency and 
phasCp respectively. 

It should be noted that in Eqs- (2) and (3) the low-pass filter is applied 
15 only once pcT frame, thereby only a single multiplication of the frame by the 
vector of the filter taps fn is employed. Such down-decimation is utilized in order 
to reduce the computational load. However, it should be appreciated that the 
invention is bot boimd to this representation of the I and Q branches and an 
ordinary multiplication of a frame by the filter for each sampled point producing 
20 a digital com olution of filter taps with the sampled data may also be employed. 

It should also be appreciated that while for simplicity of description of the 
invention the length of the frame and the length of the filter were selected to be 
equal, the in\ ention is not boimd to such a case. 

Notwi|thstanding the fact that employing the aforementioned 
25 down-decime tion significantly reduces the computational load, the generation of 
the I and Q branches by using Eqs. (2) and (3) still has problems associated with 
(i) a heavy computational load when calculating the sine and cosine waveforms 
for each frame and (ii) a large memory volume, which is required for storage of 



-7- 



20 



these calculated values for each frame. 

The description below illustrates how these computational load and 
memory requ|Lrements might be significantly reduced. 

According to a preferred embodiment of the present invention, Eqs. (2) 
and (3) are rejwritten in a complex notation to read as: 

/ ,. .^ . ,JL . . . .. 

(4) 



The frequency co^ is represented by a sum of two terms: 



(5) 



wherein cd^ is the nomitial frequency component having a conmion value to all 
10 frames and Acd^ is the frequency component depending on the frame number k. 
After sulistitution of Eq, (5) into Eq. (4), there is a following equation for 2* : 



/i=l 



(6) 



Eq. (6) is further simplified by applying the Taylor expansion for the exponential 
functions by using a value of Aco^/iA/ as a small parameter, and leaving in the 
15 equation obtiiined only the terms that are not larger in order than linear functions 
of Ao^, to wi^: 

Z* « X [/.^^'^^^ ](l i^Co'nAt)^ e'^' j^S^ {a,, + /Afi>*6, ] (7) 



wherein by definition 



= yt^'^<^'^ and b, ^a^nbJt, for /z - 7, N. (8) 
One has to bear in mind ftiat the Taylor expansion could be performed 
only when tbs following condition is fulfilled: 



i,e, in words, 
of the phase 
25 smaller than 



(9) 



the above described technique is valid when the maximal deviation 
accumulated over a frame from its nominal value iX>^Nda is much 
. Condition (9) is fulfilled when the component Aco^ has an absolute 



value substantially smaller than a reversed value of a frame size iV" multiplied by a 
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sampling timcj increment 



It may 
practice. For 
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be readily appreciated that condition (9) is fulfUled, usually, in 
xample, assuming that A^* =lHz, N «=1000 and A/ = 10 P^ec, it 
turns that Aa^^N^ =0.01 « 1, 

It shoi Id be noted that a„ and b^t are complex vectors composed of real 
sine and cosipe components a^/K ajf\ 6j['Wd bji'K respectively, e?q)ressed by 
Eqs. (10aHl()d),towit: 

4^^f„sia(oy,nA£), (10a) 
«i7^/.cos(^,7zAir), (10b) 
bi^^nAt^a^:K (10c) 
6if> =«Af-al^^ (lOd) 



wherein n = 



It should be further noted that the values a„ and b„ (n - 1,..., N) and, 



accordingly, 
]5 on the frame 



2 



sine and cosine components, a)^\ a^^\ A,^'^and b^^\ do not depend 
index k Therefore^ these values can be calculated off line for any 
frame, storecj in memory and used in on line calculations for all the frames. It 
may substanjtially reduce the computational load for calculation of I and Q 
branches, siace mostly the "multiply and accumulate" operations should be 
performed oit-line for every frame during the computation of the branches. 
20 In the description above, sine and cosine waveform vector values were 
calculated offline by using all JV samples of a frame. This calculation has in some 
cases intrinsic redundancy considering the repetitive nature of sine and cosine 
functions. Thus, in accordance with further improvement of the invention, 
utilization ol the periodicity properly of the sine and cosine functions, (e.g. sin(x) 
25 -sin(x^2%m\^\sin(x^T^m)l wherein mr= 1,2--.), may further reduce the memory 
volume required for storing the values of ai*\ b^"^ and b^^^ calculated for a 



frame. Thus, 
integer, then 



for example, if there exists «oSUch that co^n^ts - 2nm , where m is an 
only the samples having number 1, ...,a7o are needed to be calculated 
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In this 
the described 



and stored, wjaile the rest values are reproduced by using the periodicity. 

Turning now to Fig. 1, there is provided an example of generation of the 1 
and Q branches of the digital sampled signal 5'^ s S{(n + N(k - 1))a/) divided into 
equal frames of iV samples in each frame by utilising the described technique. 

example, once the signal 5* is fed into a PLL module employing 
technique, in a step 11, analytical functions, such as arrays of sine 
and cosine components ajj\ b^^ and 6^'^ are calculated. The latter are 
calculated (pi eferably off line) only for one frame and stored. The calculation is 
performed according to Eqs. (lOa)-(lOd) for a frame k (e.g. for the first frame, i.e. 
10 )fc=l). These sine and cosine components a\'^, af^^ b^^^ and b^f^ are utilized in 
line calculations perfomied for all other frames, 
ilculated the arrays of sine and cosine components a^^^ aj-'K bj,''^ and 

b}^^ in the mjmner described above, it is now required to calculate ttie branches I 
and Q, represented in the complex fomi by Eq, (7). 

There fojlows now a mathematical presentation for calculation^ which will 
result in matjicmatical expressions representing the I and Q branches for the kAh 
frame. Thus, jas shown, in a step 12 the intermediate quantities o^, 4*, /q ? Qo» ^ 
Qf^ and are calculated consequently frame by frame and stored for each 
k'tii frame 1,2,...). The calculation is performed in accordance with Eqs, 
20 (lla)-(llh)): 



following on 
Having Ci 



15 



#j=cos(^*) 



25 



I 



(Ua) 
(lib) 

(11c) 
(lid) 
(lie) 
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A' 

It should 

b^:^ and 

jk Qk jk 



be appreciated that the values of sine and cosine components a, 



(llf) 

dig) 
(lib) 



(») 



10 



Q 



b^) calculated in the step 11 are further utilized when the quantities 
J* are calculated for various frames, Ar=»l,2,., . 
In a step 13, the branches I and Q are generated consequently frame by frame 
according to ipie following equations: 

= (12a) 
= -^V*+5*^*. (12b) 
As noted| above, mostly "multiply and accumulate" operations are performed 

j 

in calculation of sine I and cosine Q branches for each frame (except the 
in accordance with Eq. (11a) and Eq. (lib)), thereby significantly 
computational load and memory requirements. Notwithstanding the 
sine and cosine functions are calculated by using Eq, (11a) and Eq. 
(lib) they d^ not impose significant computation overhead as they are performed 
only once per firame for each frame. 

Accordingly, the iteration procedure utilized for updating the inner 
parameters <P^ and Aa>* (for obtaining the f^^-Hi and i2*^^-th iteration of the 
20 branches) is described by Eqs. (13) and (14): 



calculations 
reducing the 
15 fact that the 



(13) 

cii'^' ^©o+Aa?'^*^ (14) 
wherein, fori example, the following initial conditions may be selected: 
fc=l (i.e. fir^t frame); 9^ = 0; Acd' = 0; C£>^ oa^ ; and <£>a,K^ are given values. 

25 Accordijig to one non-limiting example, a frequency correction in the PLL 
^<^^^ may be calculated by utilizing a known per se **tanIoc" technique in 
accordance withEqs. (15)-(17): 



PD, 
PD 



I ^pd):}-^pdL 



-li- 
as) 

(16) 

t.<^-'^ K,PD)^^K^PDl^ , (17) 
wherein ^D^^,, states for the phase detector error; /*i>*^ states for the phase 

detector integral; Ki and K2 are constants. 

According to another preferred embodiment of the present invention, 
before proceeding with calcxilation of the I and Q branches, Eq. (6) may be 
further m<[>dified to the following equivalent representation, to wit: 



10 wherein p is 



(18) 



15 



20 



an arbitrary number. In the preferred embodiment, p is set as the 
"middle-point" of the frame, i.t.p^(N-^l)/2, 

Similar to as it was described above with respect to Eq- (7), Eq. (18) may 
also be simplified by applying the Taylor expansion to the exponential terms by 
using a value of Aa^^fn-pJ^i as a small parameter, to wit: 

wherein by definition: 
P« = (n-p)At, 

It mi^ht be readily appreciated that since the Taylor expansion in Eq. (18) 
was perform sd over the middle point of tiie frame then the utilizing of Eq. (19) 
has the follo|wing significant advantages, when compared with the utilization of 
Eq.(7): 

contrast to condition (9), the Taylor expansion is now valid when 



25 



(i)In 



(20) 



are large, and 
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which is abolut half of the former case. This enhances the accuracy of the 
computed branches. 

(ii) Typically, tap values of the low-pass filter near the middle of the frame 
decay toward both ends. The Taylor-expansion error, on the other 
5 hand, is smalflest near the center of the frame (being the expansion point) and 
grows towar^ the ends. Since the overall error of calculation is a product of 
these both fac^tors, there is a substantial reduction of the error with respect to (7) 
and improver lent of the accuracy when the values of the I and Q branches are 
calculated. 

10 (iii) T:?pically,/r is symmetric, namely,/, = ^./j+z. As a consequence, the 

pre-computec arrays, which are needed in order to compute the branches, are 
either symmeb"ic or anti-symmetric with respect to p. Hence, one needs to store in 
the current c^jnbodiment only half of the data needed for the embodiment based 
onEq.(7). j 

15 Turning now to Fig. 2, there is provided another example of generation of 

the I and Q branches of the digital sampled signal divided into equal frames of 

N samples in each frame by utilizing the presentation of the I and Q branches by 
Eq. (19). 

In this example, once the signal 5* is fed into a PLL module utilizing the 
20 described te4hnique, in a step 21, for any frame, analytical functions, such as 
arrays of siii|e and cosine components a^^^ , fi^"^ and p^^^ are calculated 



according to 



W 



25 



wherein n- 



By uijiliziag the periodicity property of sine and cosine functions, ttie 



Eqs. (21a)-(21d) and stored, to wit: 
/„cos[fi>o(n-/')Af] 

.,N/2sadp=(N-¥l)/2. 



(21a) 
(21b) 
(21c) 
(21d) 
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15 



memory volurie for storing the values of the components a^"\ a^^^ , pjp and fii^^ 
may be fiirther reduced by the manner described above in connection with the 
sine and cosinle components a[^\ £i^^\ i>i^^ and b^'^K 

Then iji a step 22 the intermediate quantities S^^ , , or*^, ^\ , ^ 
> Qi y anjd ^ are calculated according to Eqs. (22a)-(22j) and stored for each 
wit: 



Ar-th frame, to 



,1 , 

I 



K/1 



(22a) 
(22b) 
(22c) 
(22d) 

(22e) 
(22f) 
(22g) 

(22h) 

(22i) 
(22j) 



20 



Further, in a step 23, the branches I and Q having the index k are g«icrated 
by employing the stored values for o*, A*^ and calculated by using Eqs. 
(22c). (22d)j(22i), (22j) for substituting in Eqs. (12a) and (12b). 

Accoi|drng to the preferred embodiment of the present invention, the 
iteration prcjcedure for updating the inner parameters (p* and A©*, and the 



frequency c 
through (17) 



orrection in the PLL is carried out in accordance with Eqs. (13) 
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Refemag now to Fig. 3, a simplified block diagram of a PLL module 30 is 
shown accord^g to one example of the present invention. 

It should be appreciated that the PLL module may be employed for 
numerous apflications, and a non-limitmg one being an envelope demodulation 
5 described, for example, in U.S. application 09/575,517 (herein incorporated by 
reference)- 

The FIX module 30 receives ready-to-process frames of a digital sampled 
signal 5* (31 m Fig. 3) divided into N frames. 

Accorcling to one preferred embodiment of the present invention, the signal 
10 31 is fed ini;o multiply-and-accumulate units MAC-A, MAC-B, MAC-C and 
MAC-D. 

Accor(^g to another preferred embodiment of the present invention, the 
signal 31 is :prst subjected to symmetrization by a symmetrization module (not 
shown) around the mid-point, as described in Eqs. (22a) and (22b), and only after 
15 the symmetrization, the signal is fed into multiply-and-accumulate units MAC- A, 
MAC-B, MAC-C and MAC-D. 

As shown in Fig. 3, the MAC-A to MAC-D units are provided also with 
data of the sine and cosine components. Preferably, these data are calculated off 
line by a computation unit (not shown) for any frame (preferably the first) of the 
20 signal 31 and| stored in Table A, Table B, Table C. and Table D memory units. 

According to one preferred embodiment, these sine and cosine components 
are the components of tables a^^'K i^^^ and bj,''^ calculated by utilizing Eqs. 
(10a) to (lOd) (step 11 in Fig. 1). 

Accorjding to another preferred embodiment of the invention these data are 
25 the componejits ajf\ ai^'Kfijf^ and pjf^ calculated by utilizing Eqs, (10a) to (lOd) 
(step 21 in Fig. 2). 

According to one preferred embodiment of the invention, the components 
and bi""^ are stored in the Table A, Table B, Table C and Table D 



a^^K a^''^ b^l 



umts. 
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According to another preferred embodiment of the invention, the 
components at\ and jsi'^ are stored in the Table A, Table B, Table C 

and Table D malts. 

According to one preferred embodiment of the invention, MAC-A to 
5 MAC-D units operate according to Eqs. (11c) through (ll£). 

Accor^ling to another preferred embodiment of the invention, MAC-A to 
MAC-D units operate according to Eqs. (22e) through (22h). 

The ot^ut of the MAC-A through MAC-D units are data indicative of the 
values of tiie intermediate quantities , Q^, /Ag>* and e*/Ao>*. These data are 

10 fed into a Branch Computation Unit 32 that calculates the necessary intermediate 
quantities an(ji generates the branches I and Q consequently frame by frame 
according to t>qs, (12a) and (12b)- 

AccoT^ing to this example, the PLL module 30 includes a Phase Detector 33 
employed foi| generating an error signal that is used for locking the loop. The 

i5 locking process is kno\m per se^ therefore, it will not be expounded hereinbelow. 
For example, the PLL module 30 may include the phase detector module described 
in the aforementioned U.S. Application 09/575,517 and operate according to Eqs. 
(13)throu^(17). 

In the case where the application of the invention is envelope computation, 
20 the output of (he Branch Computation Unit 32 is further fed to an envelope 
computation imit 34 for envelope demodulation. For example, the PLL module 30 
may include the envelope computation unit described in the aforementioned U.S. 
Application 09/575,517. 

According to a ftirther aspect of the invention, a special technique described 
25 in U,S, Appljcation 09/575,517 and designed for providing a PLL module with an 
estimate of tie envelope sign may be implemented. Thus, the Phase Detector 33 
may be provided with a synchronization signal 35, delivering the phase information 
of the carrier in order to determine the sign of the envelope. 

As sulch, those skilled in the art to which the present invention pertains. 



can appreciate 
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that while the present invention has been described in terms of 
preferred embc^diments, the conception, upon which this disclosure is based, may 
readily be utili^ied as a basis for the designing of other structures systems and 
processes for carrying out the several pxirposes of the present invention. 

It is apiiarent that in a multi-transmitter (multi-frequency) envLromnent an 
array of the PIfL modules operating on the same data frames may be implemented 
for each carrier whose envelope is sought. In such a case, the Discrete Fourier 
Transform (DFT) technique and the Fast Foxmer Transform (FFT) technique, 
known per -seJmay be employed for further enhancing the calculation rate. 

It is readily appreciated that similarly to the transition between Eq. (7) and 
Eq, (19), furtl^er recursive decompositions of the summation can be performed. 
The efficiency of these further decompositions depends on the input parameters 
and on the computational resources of computing platform (eg,, a DSP). 

It should be noted that modem DSPs strongly support MACs, which is a 
15 strong motiviition for the present invention. Also, the handful of tricks and 
enhancement^ presented in the description above, together with the 
implementation of suitable CPU architecture, make the PLL technique v^y 
effective computationally. 

Morecver, symmetries of the sine and cosine functions, known to those 
20 skilled in the art, can be readily exploited to enhance the computations further. 
The implementation of these symmetries depend on the input parameters and on 
the computa^onal resources. 

It is ]|-eadily appreciated that the abovementioned enhancements of the 
of the I and Q branches can be used separately or in any 
whatsoever, if the input parameters and computing resources ^e 
suitable, Th^ efficiency of the resulting computation will depend, in general, on 
the input p;arameters and on the computational resources of the computing 
platform. 

Moreover, any reference to a specific implementation in temis of usage of 
30 PLL resources, specific implementation of error signal generation, envelope 



computation 
25 combination 
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computatiori, or any other components are shown by "way of a non-limiting 
example. 

It shoufid also be understood that the digital PLL module according to the 
anveniion msy be a suitably programmed computer system. Likewise, the 
invention cor templates a computer program being readable by a computer for 
executing the? method of the invention. The invention further contemplates a 
machine-readable memory tangibly embodying a program of instructions 
executable by the machine for executing the method of the invention. 

Also, it is to be understood that the phraseology and termmology employed 
the purpose of description and should not be regarded as limiting. It 
therefore, that the scope of the invention is not construed as being 
limited by Uie illustrative embodiments set forth herein. Other variations are 
possible wittiin the scope of the present invention as defined in the appended 
claims and their equivalents. 



10 herein are foi 
is important, 



i 



